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\\c, Ci:i..\.vi-.m; Cckporatios, of 
522 Fifth Avenue, New Yiirk 36, State of 
New York, LUitcd States of America, a 

_ company incorporated in accordance with the 

^ laws of the State of Delaware, United Statei 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 

10 cribed in and by the following statement: — 
This invention relates to the production of 
alcohols and carboxylie acid esters. 

It is known that 'an cthylcnically unsat'.ir- 
atcd compound can be hydratcrl to give an 

'3 alcohol by reaction with water or converted 
into an ester by reaction with a carboxylie 
acid, and a large number of catalysts have 
been proposed for use in carrying out these 
r-aciions. 

20 According to the present invention, the 
production of an alcohol, a carboxylie acid 
r a mixture thereof, comprises contact- 
cthylcnically unsaturated compound 
a liquid medium comprising a carboxylie 
a free hetcropoly acid of molybdenum 
or tungsten and, if an alcohol is to be ob- 
tained, water. 

It is to be noted that, in carrying out the 
process of the invention, a carboxylie acid 
30 is present even when the sole or main product 
desired is an alcohol. It seems possible that 
the cthylcnically unsaturated compound first 
reacts with the carboxylie acid to form an 
ester which, in the presence of water, is 
35 hydroiysed to form an alcohol. Certainly 
somewhat higher temperatures seem best when 
producing an alcohol than are optimum for 
ester production and, moreover, -Jcohol pro- 
duction is favoured by the prcscr.ee of a 
40 hydrolysis catalyst, e.g. phosphoric acid,, 
benzene sulphonic acid or, especially, sulphuric 
acid. Wh™ it is desired to have a hydrolysis 
catalyst present it may form, for example, 
from 0.1 to 10 weight per cent of the total 
45 liquid present. 

The carboxylie acid used in the process of 
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the invention may be a monocarhnxylic acid 
or may contain more than one carboxylie 
group and may be aromatic or non-aromatic, 
unsubsiuutcd or substituted with, for instance, 50 
halo, hydroxy!, nitro, amino, sulpho, carbonyl, 
or alkoxy substitucnts. Specific examples of 
carboxylie acids which may be used arc 
formic, acetic, propionic, valeric, icrcphihalic, 
tctrachlorotcrcphihalic, chloroacclic, adipic, 55 
succinic, butyric, acrylic, isophthalic, mcth- 
acrylic, monomcihyl tcrcphthalic, crotonic, 
caproic, n-undccyclic, sorbic, palmitic, stearic, 
oleic, cis-crucic, oxalic, azelaic, malcir, gly- 
collic, malic, levu'inic, abictic, benzoic, nitro- 60 
benzoic, phcnylacetic, picolinic and furoic 
acids. The preferred carboxylie acids are 
those of I to 20 carbon atoms which arc free 
from cthylenic and acctylcnic unsaturation 
and are of the formula R — COOH wherein 65 
R is a hydrocarbon or carboxyl-substituicd 
hydrocarbon radical, with the aliphatic carb- 
oxylie adds such, for instance, as formic acetic 
and succinic adds, being especially preferred. 
The amount of carboxylie acid present may, in 70 
general, amount to from 0.05 to 100, and 
preferably 0.8 to 10.0, equivalents per mole 
of cthylcnically unsaturated compound. 

The hetcropoly acids used as catalysts in 
the process arc well known compounds con- 75 
taining in the molecular a number of replace- 
able hydrogen ions as well as a complex and 
high molecular weight anion. These free 
acids arc generally very water soluble and in 
crystalline form are almost always highly 80 
hydratcd. The hcteropolyanions of these free 
acids contain various numbers of molybdenum 
or tungsten ions around a central atom, some- 
times referred to as the hetcro-atom. In some 
instances a portion of the molybdenum or 85 
tungsten tons is replaced by pcntavalcm 
vanadium or niobium. The ratio of the num- 
ber of tungsten or molybdenum atoms to the 
central atoms may vary widely but, in the 
compounds used in the process of the inven- 90 
tijn, is generally between 6:1 and 12:1, 
especially, good results being obtained with 
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compounds in which the ralio i* from 9:1 
I" 11:1. As many as 36 di,r C rcn. c! • -.icnis 
have been rcponcd m function a^ central 
ions. Preferably the catalyst nvj according 
5 to the invcniion contains central ion* of phos- 
phorus, manganese or arsenic: oilier elcmenu 

germanium, titanium, cobalt, iron, aluminium, 
chromium, zirconium, gallium, :clluriiim and 
10 boron. The free hctcropolymolybdic and 
hctcropolytungsiic acio's arc generally named 
-o as to indicate both ihc ratio of molybdenum 
or tungsten to the central atom and the 
nature of the central atom. Thus 

15 

ll.;l'.\lo,.0,.,) . 59W.O 
is named 12-molybdophosphoric acid and 
lL(I\Mo : ..0..) . 4SII.O 

is named 10-molybdophosphoric acid, lite 
^ latter compound being the preferred catalyst. 
20 Other free hctcropolyacids of molvbdcnur.. or 

tungsten useful as catalvsts in the process 

of the invention arc dimcric 9-molybdophos- 

phoric acid, 

H..(n ; M",.0...) . .xll.O: 

25 dimcric 9-tungstophosphoric acid, 

H.(P ; W 1; 0.,) . xll ; 0, 

12-lungstotclluric acid, 

H,(TcW„0...) . 25H,0; 

1 l-iungstoaluminic acid, 

30 Il.„(AI ; .W,.,0„) . 44H : 0; 

vanadomngstoselcnic acid, 

Il.ScO.. . I0WCV, . V ; 0 5 . xll.O; 

dimcric 9-molybdoarccnic acid, 

II.(As.-MO ll O w ) . xlUO; 

35 9-inolybdoaianganic acid, 

H/MnMo.O,,) . xll.O; 

12-tungstosilicic acid, 

H,<SiW,..0„.) . xILO; 

and 12-molybdositicic acid, 

40 H,(SiMo 1: 0,„) . xH-O, 

The cthylcnically unsaturated compounds 
which may be converted in the process of the 
invention arc, in general, those compounds 



present with ciliylcnicallv iinsaiur.ucd hydro- 45 
caarhons being ihc usual Marling material. 
Itest results are obiained when converting 
cihylcnically unsaiuraied hvdrocarbons of 2 
to 30 carbon atoms which are free of acety- 
lenic unsaiuration, especially those non-aro- 50 
malic hydrocarbons of 3 10 15 carbon atoms 
which have a single eihylenic double bond 
as ihc only unsaturaiion and which have at 
least one hydrogen atom connected to a 
carbon atom adjacent the cthylcnie unsatura- 55 
lion, e.g. the alpha-olelincs such as iso- 
butylenc. Some specilic cthylcnically unsatur- 
ated compounds which may be used in the 
process of tli<- invcniion are propylene, 
butcnc-1, oc;cnc-2, cyclohexene, butadiene, 60 
hcxcnc-2, 2-mcihylbiucnc-l, cyclooctadicnc, 
styrene, indene, stilbcne, 1-vinyl-l-propcnc, 
vinyl cyclohexanc, dcccnc-2, propylene tcira- 
tner, pinenc, isohutylcnc, dcccnc-1, butcnc-2, 
allyl alcohol and allyl chloride. In most cases 65 
it has been found that the products formed in 
ihc present process arc those products 
expected from Alarfcownikolf's Rule. Thus 
isopropyl alcohol and/or an isopropvl ester 
such as isopropyt acetate mav be formed from 70 
propylene and octanc-2-ol and/or a 2-hydroxy 
ottyl carbcxylatc from octcne-1. Ethylene U 
one notable exception as it is usually convened 
to butanc-2-ol or the corresponding ester. 

The operating conditions used may vary 75 
widely but the temperature should generally 
be between 0 and 200°C. The pressure should 
be enough 10 maintain a liquid phase in 
the reaction zone and mav vary from sub- 
aimosphcric pressures to 500 psig. When 80 
operating under essentially anhydrous condi- 
tions so that an ester is the main product, the 
temperature is preferably between 20 and 
140*C. while the pressure is up to 3000 
psig. Usually slightly more severe conditions 85 
arc required when operating in the presence 
of water so as to produce an alcohol than 
when operating under anhydrous conditions, 
lite preferred temperature conditions, when 
operating with substantial amounts of water 90 
present, being from 50 to 175°C. with the 
pressures up to 4000 psig. 

Since the hcteropolyanions of the catalvsts 
used arc generally decomposed by strongly 
basic solutions, the process should generally 95 
be carried out under conditions such that 
the pH remains below 9.0 and preferably be- 
low 7.0. The amount of the hctcropolyacid 
used is generally between 10 ' and 10 ' moles, 
preferably 10 * to 10 •» moles, of the free 100 
hctcropolyacid per mole of the cthylcnically 
unsaturated compound being converted. 

The process may be carried out continu- 
ously, intermittently or batchwisc and the re- 
actants may be introduced into the reaction 105 
zone in any order. Stirring the rcactanu nr 
the use of other forms of agitation is not 
necessary but reduces the time required 10 



etc ihc reaction by promoting intimate' 
i of the rcactants. Inert solvents mav be 
fl.^"'' ,f dcsir ^. but arc not generally 



20 



Hxa.mpli: 1 
A stirred one-litre Parr bomb was charged 
w,«h 100 millilitres of water, 118 grams 
1" of succii.it- acid and 2 grams of !0-inolybdo- 
pnosphoric acid and then the bomb and its 
contents were cooled to -75°C. by irorryrsion 
in a dry icc-accionc bath. R4 grams of pro- 
pylcne which had been liquefied bv cooling 
15 it in a dry icc-atctone bath were then added 
to the Parr bomb and tho U.mh scaled, 
heated to 160^C. for 1 10 minutes and then 
rapidly cooled to ambient temperature bv 
immersion in an ice water bath. The prcpvU-nc 
remaining wa? slowly bled olT and the re- 
maining contents of the bomb analysed by gas 
chromatography. Analysis showed that 
approximately 10% of the propvlcnc charged 
had been convened to isopropyl alcohol. 



Example 2 
The procedure of Example 1 was repeated 
except that the charge consisted of 100 milli- 
litres of wattr. 50 grams if succinic acid, 
2 gram* of 10-molybdophosphoric acid, 84 
grams of propylene and 5 millilitres of 
\jnc£" C and ,hc tcm P cra <u r c used was 
140 .„ Analysis ot the product showed that 
approximately 40% rf ihc propylene charged 
had been converted to isopropyl alcohol.. 

35 Example 3 

Tho procedure of Example 1 was repeated 
except that the charge consisted of 100 milli- 
litres of butyric acid, 70 grams of propylene 
and 1 gram of 10 molybdophosphoric acid, the 

40 temperature used was 120°C. and the reaction 
time one hour. Analysis of the reaction pro- 
duct showed that 90% of the propylene had 
been converted to isopropyl butyraic. 

Example 4 

« The procedure of Example 1 vp.s repeated 
cx "P. t tha J ,hc charge consisted of 200 
millilitres of acetic acid. 70 grams of propylene 
and 2 grams of 12-tungstop)iosphoric actd and 
the temperature used was 120 9 C. Analysis 

3U or the reaction product showed that 5% of the 
propylene had been converted to isopropyl 
acetate. , 

Example 5 
The procedure of Example 1 was repeated 
55 except that the charge consisted of 200 grams 
of acetic acid, 72 grams of propylene and 
0.54 grams of 10-moIy 1 - <ophosphoric acid, the 
temperature used was I25°C. and the re- 
action time one hour. Analysis of the reaction 



product showed that S8.R% 0 f the propylene 60 
had been converted to isopropyl acetate. 

Example 6 
The procedure of Example 1 was repeated 
except that the charge consisted of 156 crams 
of acetic acid, 49 grams of water, 80 grams 65 
of propylene and 0.57 grams of 10-molybdo- 
pnosphoric acid and the reaction time was 
hrcc hours. Analysis of the reaction product 
.howtd that 65% of the propylene had been 
^"n« ,C and ' of lhe P f0 Pylcnc converted, 70 
66.99!- went to isopropyl acetate and 33.1% 
to isopropyl alcohol. 

Example 7 
Ihc procedure of Example 1 was repeated 
except that the charge consisted of 240 grams 75 
of formic acid, 110 grams of propylene and 
3.5 grams of 10-molybdophosphoric acid, the 
temperature used was 100°C. and the reaction 
time 18 minutes. Analysis of the reaction 
product showed that 85% of the propylene 80 
charged had been converted to isoproDvl 
formate. r v ' 

Example 8 
The procedure of Example 1 was repeated 
except that the charge consisted of 175 grams 85 
of formic acid, 23 grams of water, 97 grams 
of propylene and 3 grams of 10-molybdo- 
phosphonc acid and the temperature used was 
I65°C. Analysis of the reaction product 
showed that 82.6% of the propylene charged 90 
had been converted with 94.2% of the 
propylene converted going to isopropyl form- 
ate and 5.8 /„ to isopropyl alcohol. 

Examplh 9 

The procedure of Example 1 was repeated 95 
except that the charge consisted of 23 grams 
of formic acid, 180 grams of water, 72 grams 
of propylene and 2.8 grams of 10-molybdo- 
Phosphonc acid and the temperature used was 
t 1 ' Vna,vs,s of «"c reaction product 100 
showed that 26.5% of the propylene charged 
had been convened with 6.8% of the pro- 
P> 'i CI £ ^" vcn ? d £°''ng w isopropyl formate 
and 93.2% to isopropyl alcohol. 

Example 10 inc 
25 millilitres of cyclohcxcne, 25 millilitres 
of acetic acid and 0.5 grams of 10-motvbdo- 
phosphoric acid were put in a pressure bottle 
at room temperature and the bottle scaled. 
The pressure bottle was then immersed in 110 
a constant temperature bath « 100°C. for 
one hour and then cooled to room tempera- 
ture. Gas chromatography analysis of the con- 
tents of the pressure bottle showed that 34% 
of the cyclohcxcne charged had been con- 115 
verted to cyclohcxyl acetate. 

Example 11 
Example 10 was repeated using 9-molybdo- 



phosphoric acid instead of 10-molybdophos- 
plicric acid and practically identical results 
were obtained. 

Example 12 

5 50 milliliircs of acetic acid containing 0.25 
grants of 10-molybdophosphoric acid were 
put in a Hask and then isobutylcnc was 
bubbled into the Hask at room if mporalure, 
approximately 25 °C. After ore hour the 

10 temperature in the flask had risen to 35°C. 
and the liquid in the Hash contained 48 weight 
per cent of t-butyl acetate. Of the isobutylcnc 
converted, more than S5% had been con- 
vened to t-butylacctatc. 

15 Kxampli; 13 

A thrce-ncck, 12-litre Husk, lined with a 
reflux condenser and a mechanical stirrer, 
was charged with 35 grants of 10-molybdo- 
phosphoric acid. H00 grams of dcccnc-1 and 

20 4200 grams of acetic acid. The mixture was 
rcfluxcd for 16 hours and upon distillation the 
following four cuts were made: — (1) 75 
grams of a mixture of acetic acid, water and 
dcccnc-1, (2) 450 grams of unrcacicd decenc- 

2 ' 1, (3) 60 crams of a mixture of decciic and 
decyl acetate, and (4) 900 grams of 3-decvl 
acetate of more than 98% purity. 

WHAT WE CLAIM IS: — 
1- Process for the production of an alcohol, 
30 a carboxylic acid ester or a mixture there- 
of, which comprises contacting an cthylenic- 
ally unsaturated compound with a liquid 
medium comprising a carboxyhc acid, a free 
hctcropoly acid of molybdenum or tungsten 
,35, ; and,fif an alcohol is to be obtained, water. 
■ v -. 2. Process according to Claim 1, wherein 
said liquid medium is anhydrous and is 
maintained at a temperature of from 20 
to 140°C. 



3. Process according to Claim I, wherein 
said liquid medium contains water and also 
a hydrolysis catalyst and is maintained at a 
temperature of from 50 to I75°C. 

4. Process according t» Claim 1, 2 or 
3, wherein the cthylcnicallv unsaturated com- 
pound employed is a hydrocarbon containing a 
single cthylcnic bond as the only unsaiuraiion 

5. Process according to Claim 4, wherein 
the chtylcnically unsaturated compound 
employed is propylene. 

6. Process according to any of the pre- 
ceding claims, wherein the carboxylic acid 
used is formic acid or accu'c acid. 

7. Process according to any of t.'.. pre- 
ceding claims, wherein the hctcropoly acid 
used is n hctcropolymolybdic acid having a 
central atom of phosphorus, manganese or 
arsenic, and in which the ratio of molvbdcnum 
e.toms to central atoms is from 9: t to' 11 : 1. 

K. Process according to Claim 7, wherein 
the hctcropolyacid used is 10-molybdophos- 
phoric acid. 

9. Process for the production of an alcohol, 
a caraboxylic acid ester or a mixture thereof 
according to Claim 1, substantially as herein- 
before described. 

10. Process for the production from pro- 
pylene of isopropyl alcohol or an ester thereof, 
substantially as described in any of Examples 

11. Alcohols and carboxylic acid csicrs 
whenever produced by any of the processes' 
claimed in tlx: preceding claims 



A. J. BUITERWORTH, 
Chortcrcd Patent Agent, 
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